Cooling of hybrid stars: towards a consistent picture
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We present a set of observational constraints on the cooling behavior of compact stars and dis-
cuss possible consequences for structure and composition of their interiors. First, we discuss purely
hadronic neutron stars and their cooling [1], focussing on three problems: the direct Urca problem
[2], the Vela mass problem [3] and the deep crustal heating problem related to superbursts [4] and
X-ray transient cooling [5]. Second, we discuss possible scenarios for hybrid stars with color super-
conducting quark matter interiors and their cooling behaviour. It is shown that in order to fulfill
the cooling constraints, all quark species must be gapped, whereby the smallest diquark pairing
gap shall not exceed about 1 MeV [6]. This condition is fulfilled, e.g., for diquark condensation in
a single-flavor spin-1 pairing channel, denoted as the isotropic color-spin-locking (CSL) phase [7].
Finally, we discuss a possible realization of this phase in hybrid stars as a down-quark CSL phase in
coexistence with asymmetric nuclear matter [8], fulfilling the above cooling constraints and offering
a possible source for deep crustal heating as an alternative to previously discussed strange star cores
in the color-flavor-locking phase [4].
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